Energy shortage and global warming issues are among key world challenges in the 21 st Century. Wind energy is a renewable clean source, which can reduce carbon dioxide emission. Economical electric energy generation using wind energy production has been rapidly growing for the last two decades. However, the integration of large wind scheme can pose inherent security and power quality problems. The paper presents dynamic simulation of a novel stabilization scheme using a coordinated tri loop error driven controller. The Wind Energy Scheme comprises three key parts. The wind farm, induction generator, Modulated Power Filter compensator MPFC and hybrid System Load. The distribution grid-wind integrated AC system feeding the hybrid load is to be stable and efficient.
Introduction:
Wind energy becomes one of the most competitive renewable sources of economical alternative energy. Wind energy has been used to convert wind kinetic energy to mechanical energy for more than one thousand years. Recently, Wind power has experienced a rapid global growth rate and is expected to reach 15 GW/year in 2010 at a viable cost of (0.04-0.06) $/kWh with installation cost of 2000-3000 $/kW [1] . However, wind power production cannot be predicted with acceptable accuracy and the energy production is variable. Therefore, strong AC grid interface systems are needed if wind energy is fed into the grid without any stability control. This is justified for low wind energy penetration levels of the short circuit level of the grid, otherwise additional stabilization efforts are needed to guarantee the grid stability [2] .
Security, stability and power supply quality challenges associated with the operation and control of grid integrated wind farms are immense [3, 4] . In order to ensure stable operation during grid disturbances and load excursions FACTS based devices should be installed in the distribution grid. This paper presents an efficient and low cost stabilization FACTS scheme to be connected to the distribution network. The novel scheme comprises the Modulated Power Filter Compensator (MPFC) developed by the Second Author for effective dynamic reactive power compensation using a coordinated multi-loop dynamic error-driven controller adjusts the pulse switching of the MPFC. In this paper, the effectiveness of MPFC scheme for voltage stabilization and power factor improvement is fully validated using MATLAB/Sumulink software for different excursions and load disturbances.
Wind Energy Conversion System
The power extraction of wind turbine is a function of three main factors: the wind power available, the power curve of the machine and the ability of the machine to respond to wind fluctuation. The expression for power produced by the wind is given by [4] [5] [6] 
Where  is air density, R is radius of rotor, u is wind speed, C p denotes power coefficient of wind turbine,  is the tip-speed ratio and  represents pitch angle.
The tip speed ratio is defined as
Where ω is the rotor speed. It is seen that if the rotor speed is kept constant, then any
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The wind speed gusting conditions has a great impact on the dynamic performance of the wind scheme, a dynamic wind speed model is required to represent the stochastic nature of wind variations for the power dynamic simulations. A simplified dynamic wind speed model is developed using the MATLAB/Simulink software. This stochastic model consists of four basic key components, namely the mean wind speed, a wind speed ramp, a wind gust, and the turbulence component. The eventual wind speed to be applied to the wind turbine is the summation of all four key components.
Sample Wind-Grid Study System
The study system model for wind energy utilization scheme shown in Fig. (1) comprises three key subsystems. The wind energy farm, Novel Modulated power filter and hybrid system load. The novel dynamic error driven coordinated control scheme are used to regulate the MPFC compensator. Six feeder sections each of 3 km length constitute the 11-kV (L-L) distribution grid network to interface wind generated power to the system loads located at the different distribution network buses. The use of the modulated power filter compensator is essential to ensure voltage stabilization, power quality and power factor enhancement [7] .
Fig.(1) Proposed Grid Connected Wind test System with MPFC compensator Scheme
The Matlab/Simulink model of the MPFC is shown in Fig.( 2) with the novel dynamic regulator and regulated switches. In fact, the MPFC is a PWM converter with a capacitor on its DC side to provide the energizing voltage. The compensator capacitor size selection is
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Fig. (2) Modulated Power Filter Compensator (MPFC) Scheme (Pulse2 = NOT Pulse1)

CONTROL STRATEGY
The tri loop error driven coordinated controller shown in Figure ( 3) is implemented to regulate the MPFC compensator. The Controller comprises three error driven loops: The load bus voltage stabilization loop, Current ripple loop and RMS current dynamic RMS loop [8, 9] , using the Root-Mean-Square (RMS) voltage, phase RMS current, and current ripple content minimization loop. 1. The main voltage stabilization loop functions as the reference loop using the root mean squared value of load voltage at the radial distribution load bus 5 and maintaining the voltage at 1.0 per unit. 2. The second loop is the load bus current RMS error tracking loop, which is an auxiliary loop to compensate for any sudden electrical load excursions or wind speed variations. 3. The third supplementary loop is used to limit current ripples and harmonic content.
The scaling and time delays of these loops were selected by an offline guided trial and error to insure fast response and effective damping [10, 11] . This is achieved by using a minimization functional of the total error squared. The time decoupled/descaled tri-loop supplementary regulation loops compensate for any dynamic inrush excursions of the load bus voltage and current. The total error signal is driven through a PID controller that is used to compensate the dynamic total error in order to provide a stabilized minimum total error.
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DIGITAL SIMULATION RESULTS
Digital simulations studies were carried out on the sample wind-grid seven bus study system shown in Fig. (1) . The built-in functional blocks in SIMPOWER toolbox facilitate the simulation of large and complicated power system. The novel MPFC scheme is connected to the radial distribution grid network at bus 5 was validated using continuous mode of digital simulation. Full digital simulation and validation were carried out without and with MPFC located at bus 5. A test period of one second is selected in order to show the MPFC effect on dynamic voltage stabilization, harmonic content reduction and power factor improvement. The dynamic performance of the MPFC compensator was tested under the following load switching actions: -At t=0.6 second, induction motor was removed at bus 6 for a duration of 0.1 second.
-At t=0.25 second, linear load was removed at bus 5 for 0.15 second. The wind speed model described in fig. (1) was implemented to display the dynamic response
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The samples of dynamic responses of voltage and power factor at buses 3 and 5 of the distribution grid are shown in Figure 4 and 5, respectively. The voltage level along the distribution feeders are dramatically improved by using proposed MPFC. Besides voltage level improvement, the proposed MPFC is also powerful for power factor correction and regulating voltage profile along the feeder, since reasonable amount of reactive power can be injected by MPFC into the grid according to its demand. Numerical results have indicated that all power factors along the feeder are improved with introducing MPFC compensator above 0.8 and unit power factors are even achieved at bus 3, 4 and 5. In addition, the largest voltage drop is only 5% for the case with MPFC compensator, while the largest voltage drop comes to 20% in the case without MPFC.
The comparison of the total harmonic distortion and harmonic content at each AC bus is made for three specified cases first without, second with the hybrid MPFC compensator for deterministic and third with stochastic wind speed model. Voltage and current harmonic analysis in term of the total harmonic distortion (THD) and magnitude of certain low order harmonics are displayed in Table (1) and Table ( 2) for three different cases, respectively. It is obvious that the voltage harmonics are significantly reduced by installing MPFC compensator. Fig. (6) displays the dynamic response of the power exchange from the grid during load excursions. Fig. (7) shows the produced torque of the wind turbine for stochastic wind speed variations
CONCLUSION
The paper presents a novel MPFC Stabilization and error driven control strategy for windgrid utilization scheme. The MPFC is digitally simulated and validated using the Matlab/ Simulink/ Sim-Power Software environment. The MPFC Compensator Scheme is controlled by a dynamic error driven action regulator using SPWM-pulsing control strategy. The voltage stabilization is fully validated as well as power quality (PQ) enhancement. Power Factor Correction at all buses is also improved.
The FACTS MPFC scheme can be extended to other distributed/dispersed hybrid renewable green energy interface systems including hybrid AC-DC common bus collection scheme using (Photo-voltaic, Wind, Fuel Cell, Micro-hydro, Wave and Tidal) renewable energy systems. The application of this novel FACTS device in loss reduction and dynamic energy management, demand side management DSM is currently investigated 7.References 
